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SYSTEM AND METHOD FOR HIGHLY 
ACCURATE REAL TIME TRACKING AND 
LOCATION IN THREE DIMENSIONS 

BACKGROUND OF THE INVENTION 

1. Statement of the Technical Field 

The present invention relates to the ?eld of geographic 
information systems (GIS) technology, and more particu 
larly to a representation of an object being tracked in a 
three-dimensional geographic model. 

2. Description of the Related Art 
Computer-based object tracking systems have become 

available to provide object location and tracking informa 
tion. For example, Automatic Vehicle Location (AVL) sys 
tems are available that utiliZe a Global Positioning System 
(GPS) to obtain data that can be used to monitor a vehicle 
location. The vehicle location data can be presented to a user 
at a monitoring station, typically via a computer interface. 
The user can monitor the vehicle location from the moni 
toring station. 

In addition to a monitoring station, a typical AVL system 
commonly includes mobile units, a Wireless communication 
netWork, and a computer system incorporating geographic 
information systems (GIS) technology. A mobile unit is a 
device that can be installed in a vehicle to enable the vehicle 
to be monitored and tracked, and typically includes a GPS 
receiver and a Wireless transmitter. The mobile unit receives 
positioning signals from GPS satellites in the form of code 
sequences and converts these code sequences to pseudo 
range information or standard GPS code (NMEA). Pseudo 
ranges from a minimum of four different satellites are 
required in most instances for position calculation. These 
pseudo ranges or NMEA codes are subsequently transmitted 
via the Wireless netWork to the monitoring station for 
position calculation. 

The computer system incorporating GIS technology is 
usually equipped and con?gured to process GPS data and to 
monitor vehicle locations. The computer system performs 
?ltering of the pseudo range signals or raW GPS data 
transmitted from the mobile units and further reduces these 
ranges into map coordinates for display. Current systems 
may also perform position corrections by using differential 
continuous positioning system (CPS) data obtained from a 
station in the vicinity of the vehicle being monitored. 

Most conventional systems using GIS technology process 
GPS data according to tWo-dimensional (2D) spatial refer 
ences. Still, conventional GIS technologies can be con?g 
ured to process topographic data, in addition to rudimentary 
2D data, usually in the form of a digital elevation model. 
Based upon the topographic data, isometric vieWs and 
contour maps can be generated. Tracking system users, 
hoWever, have recogniZed the limitations of a 2D modeling 
paradigm for modeling three-dimensional (3D) phenomena, 
even When combined With topographic data. 

Notably, some GIS technologies can integrate scene gen 
eration systems for the 3D visualiZation of data, but the 
elevation coordinate data in these systems has been included 
only to “drape” a tWo-dimensional mapping over topo 
graphic data to produce What is knoWn as a 25D model. 
Importantly, the use of a 25D model ought not to be 
confused With 3D. The elevation information in a 25D 
model is limited to the pre-determined elevation data for a 
geographic surface, such a road. Accordingly, application of 
25D models is primarily limited to monitoring motor 
vehicles and the like. 
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2 
Notably, in a 25D, one elevation is typically assigned for 

an entire structure. Hence, ?oors in multilevel structures, 
such as high rise of?ce buildings and apartment buildings, 
cannot be accurately represented in a 25D model. 
Accordingly, the current tracking technology does not pro 
vide a means for tracking personnel, for eXample ?re 
?ghters, as the personnel travel betWeen ?oors in a multi 
level structure. Further, current tracking technology cannot 
provide accurate 3D images from various perspectives 
Within a scene, for eXample, the vieW of a bank from the 
perspective of a police of?cer positioned on the roof of a 
building located across the street from the bank. 

SUMMARY OF THE INVENTION 

The present invention relates to a method and a system for 
tracking and locating objects and representing those objects 
as icons Within a highly accurate three-dimensional (3D) 
model. The present invention tracks an object, such as a 
person, a vehicle, or an aircraft, by generating GPS coordi 
nates for the object and a bearing associated With a move 
ment of the object. In particular, the GPS coordinates 
include a latitude, a longitude, and an altitude. Importantly, 
the GPS coordinates can be processed to correlate the 
altitude of the object With an identi?er that identi?es a level 
Within a structure. An icon representing the object then can 
be accurately located in a ?rst vieW of a three dimensional 
model. Further, an indicator can be associated With the icon 
to indicate the object’s level, a bearing of the object, and/or 
the object’s GPS coordinates. 
The GPS coordinates of the object also can be compared 

With a location of a second object to generate a comparison. 
The comparison can be processed to determine the content 
of a communication that is transmitted to the object, for 
eXample a dispatch message. The communication can be 
transmitted Wirelessly to the object and can be encrypted 
prior to being transmitted. The object can be a person, a 
vehicle, a Watercraft or an aircraft. Lastly, biological 
statistics, mechanical statistics, fuel level, speed, velocity 
and other parameters of the object can be monitored. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a system for tracking and 
locating objects Within a highly accurate three dimensional 
model in accordance With the present invention. 

FIG. 2 is a How chart for tracking and locating objects 
Within a highly accurate three dimensional model in accor 
dance With the present invention. 

FIG. 3 is a How chart for providing dynamically adjusted 
computer aided dispatch based on object location in accor 
dance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention relates to a method and a system for 
tracking and locating objects and representing those objects 
as icons Within a highly accurate three-dimensional (3D) 
model. Importantly, the movements of various objects 
throughout an area can be monitored. For eXample, the 
locations and movements of police cruisers, helicopters, 
rescue vehicles, and personnel can be continually monitored 
throughout a city. More importantly, resources, such as 
personnel, can be accurately tracked When traveling through 
a city and, in particular, Within multilevel structures. For 
eXample, ?re ?ghters can be precisely located, tracked and 
monitored as they move about Within a high rise structure 
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during a structure ?re. Further, police officers can be tracked 
as they give vehicle or foot chase to a criminal, for example 
in a multilevel parking garage. 

In another arrangement of the present invention, accurate 
3D images from the perspective of an object being tracked 
can be presented to a user. During a bank robbery, for 
example, a supervisor can vieW the bank from perspective of 
a police of?cer positioned on a roof near the bank. The 
perspective of other police of?cers at different positions 
around the bank also can be presented to the supervisor for 
improved situational aWareness. Accordingly, supervisors 
and dispatchers are provided detailed information of a 
particular scenario Which can be used to better evaluate 
existing circumstances, thereby leading to a better decision 
making process and improved resource allocations, both of 
Which improve public service. 

Referring to FIG. 1, a block diagram 100 of a system for 
tracking and locating objects Within a highly accurate three 
dimensional model is shoWn. The system includes tracking 
and location (T & L) softWare 105, 3D mapping softWare 
(3D site model) 110, and a user interface 115. Further, each 
object being tracked can include a global positioning satel 
lite (GPS) receiver 125. For example, there can be a GPS 
receiver 125 in a police cruiser 130, on a police officer 135, 
in a ?re truck 140, on a ?re ?ghter 145, in an ambulance 150, 
or on an emergency medical technician 155. Still, many 
other objects can carry a GPS receiver 125 to enable object 
tracking of manned and unmanned objects. Other examples 
include trains, aircraft (helicopters, ?xed Wing, etc.), Water 
craft and so on. 

Each GPS receiver can be connected to a transmitter to 
transmit GPS coordinates to the T & L softWare 105 using 
the communications netWork 120. For example, in the case 
Where a GPS receiver is in a vehicle, the GPS receiver can 
connect to existing RF transmission equipment, such as a 
police radio. If a GPS receiver is being carried on a person, 
hoWever, the GPS receiver can include a transmitter. In 
another arrangement, a GPS receiver can integrate With a 
cell phone or a mobile radio. Or it can integrate With other 
communications devices including those operating on radio 
frequencies or optical Wavelengths. 

The T & L softWare 105 can receive an object’s latitude, 
longitude and altitude coordinates, and bearing data from a 
GPS receiver associated With the object. The T & L softWare 
105 then can place an icon representing the object into a 3D 
site model 110 that is presented to a user through the user 
interface 115, for example on a video monitor. Importantly, 
an indicator can be presented in the icon or associated With 
the icon to indicate the bearing of the object. For example, 
a velocity of the object can be presented, indicating both the 
speed at Which an object is moving and the direction the 
object is moving in. In particular, an arroW can be presented 
With the icon to indicate a direction the object is moving. 
The direction also can be presented numerically or graphi 
cally. For example, degrees can be indicated numerically or 
With a compass style indicator. The speed at Which the object 
is moving also can be presented numerically or graphically. 
For example, speed can be indicated numerically or With an 
icon that represents a speedometer display. An indicator also 
can be associated With the icon to indicate the GPS coordi 
nates of the object. 

The 3D site model 110 can be an accurate model of an 
area incorporating geographic features and structures. For 
example, the 3D site model 110 can be a model of a city, 
including roads, bridges, structures, etc. The 3D model can 
be generated using techniques knoWn to the skilled artisan. 
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4 
For example, source imagery can be used to generate 
polygons representing features and structures to be shoWn in 
the 3D site model 110. Notably, the source imagery can be 
any form of feature identi?cation, for example information 
generated by aerial and satellite photography, electro-optical 
imaging, infrared detection, synthetic aperture radar (SAR), 
hyperspectral imaging, light detection and ranging 
(LIDAR), and even handheld photographs. The model 
resulting from the polygons then can be shaded and textured 
to provide a photo-realistic and accurate representation of 
the area. 

A database can be associated With the 3D site model and 
structures in the 3D site model 110 can be assigned 
attributes. For example, the composition of structures can be 
identi?ed. Special features and comments related to a struc 
ture also can be noted, for example, Whether a structure has 
a basement, the age of a structure, Whether a structure has a 
?re escape and/or sprinkler system, and so on. In one 
arrangement, the internal layout of particular structures can 
be incorporated in the 3D site model 110, for example, the 
elevation (altitude) of each ?oor and the location of stair 
Wells and elevators Within the structure. Moreover, the 
database can be structured in a manner Wherein the attributes 
associated With each building are organiZed by ?oor or 
altitude. 
The T & L softWare 105 can be stored on a data storage 

device, such as a data storage associated With a computer 
system. For example, the T & L softWare 105 can be stored 
on a magnetic storage medium, an optical storage medium, 
a magneto-optical medium, etc. The T & L softWare 105 can 
be executed on a computer or any other device incorporating 
a processor capable of processing 3D graphical information. 
For example the T & L softWare 105 can be executed on a 
server, a Workstation, a personal computer, a laptop 
computer, a mobile computer, a hand held computer, a body 
Worn computer, etc. 

As previously noted, a communications netWork 120 can 
be used by a GPS 125 to communicate GPS data to the T & 
L softWare 105. The communications netWork can include 
the Internet, a Wide area netWork (WAN), a local area 
netWork (LAN), a mobile communications netWork, a public 
sWitched telephone netWork, or any other netWork capable 
of transmitting GPS data. For example, the GPS receivers 
125 can communicate via a Wireless netWork, such as a 
cellular communications netWork or an IEEE 802.11 net 
Work. Importantly, the communications netWork 120 can 
include a myriad of systems capable of transmitting GPS 
data. 
A user, for example a supervisor or a dispatcher, can use 

the user interface 115 to interact With the T & L softWare 
105. For example, the user interface can comprise a display, 
a keyboard, and a mouse. HoWever, the user interface is not 
limited to these devices. For example, the user interface can 
include a projector, a joystick, speech recognition hardWare 
and softWare, speakers, and any other device a user can use 
to interact With a softWare package. 

FIG. 2 is a How chart 200 for tracking and locating an 
object Within a highly accurate three dimensional model. 
Referring to step 205, GPS data for the object can be 
generated by a GPS receiver 125 and transmitted to the T & 
L softWare 105, as previously noted. For example, the GPS 
data can be transmitted to a computer having the tracking 
and location softWare, as shoWn in step 210. For example, 
the GPS data can be Wirelessly transmitted from the GPS 
receiver to a basestation, Which can Wireline transmit the 
GPS data to the computer. Still, other transmission tech 
niques can be used, as is Well knoWn to the skilled artisan. 
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